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ABSTRACT 



Asymmetrical digital subscriber line (ADSL) upstream sub- 
scriber bus interface (SBI) protocol provides a SBI frame 
format which allows compatibility between an ADSL line 
card and either an ADSL bank control unit (ABCU) or a 
conventional narrowband bank control unit (BCU), and 
compatibility between a conventional plain old telephone 
service (POTS) line card and either the ABCU or the 
conventional narrowband BCU. 
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ASYMMETRICAL DIGITAL SUBSCRIBER 
LINE (ADSL) UPSTREAM SUBSCRIBER BUS 
INTERFACE (SBI) PROTOCOL 



BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an interface protocol for 
digital communications, and more particularly, to an inter- 
face protocol for an asymmetrical digital subscriber line 
(ADSL) subscriber bus interface (SBI). 

2. Background 

The telecommunications industry has developed schemes 
for transmitting telephony signals in digital formats, for 
example, in the form of time division multiplexed (TDM) 
signals for transmission over a physical layer interface, such 
as a subscriber bus interface (SBI). The SBI receives data 
signals divided into frames. Each SBI frame includes time 
slots which are assigned payload data representing digitized 
telephony signals for conventional telephone services. 

An example of a conventional telephone service is a plain 
old telephone service (POTS), which uses a digital format 
that is known to a person skilled in the art. An example of 
an SBI frame format for upstream transmission used in 
Lifespan line cards made by DSC corporation of Piano, Tex. 
is shown in FIG. 1. The SBI frame format of FIG. 1 includes 
32 time slots numbered consecutively from 0 to 31. Each of 
the slots within the conventional SBI frame includes 16 bits. 
As shown in FIG. 1, for time slot #0, abbreviated as "TSO", 
bits are interleaved with reserved bits denoted by "R", which 
are not assigned to carry information in the upstream SBI 
protocol. 

POTS digital signal 0 bytes, abbreviated as "DSO", are 
assigned to time slots #1-3, 5-15, 17-23, and 25-31 within 
the SBI frame. Each of the DSO signals has a format similar 
to that of the TSO cell. Each DSO byte includes 8 bits which 
are interleaved with eight reserved bits similar to the inter- 
leaving of the TSO byte with the eight reserved bits within 
time slot #0 as shown in FIG. 1. 

In the SBI frame as shown in FIG. 1, time slot #4 is 
assigned to carry a "SIG" byte which identifies a signaling 
channel. The SIG byte in time slot #4 is required in the 
conventional SBI protocol and is known to a person skilled 
in the art. Time slot #16 is assigned a "SRQ" byte which 
identifies a SBI service request channel. The SRQ byte in 
time slot #16 is required in the SBI communication protocol 
and is known to a person skilled in the art. Time slot #24 
includes an SBI data link channel which is abbreviated as 
"DL" in FIG, 1. The DL byte in time slot #24 which is 
assigned to carry the SBI data link channel is required in the 
SBI communication protocol and is known to a person 
skilled in the art. 

FIG. 2 shows a diagram of a conventional POTS channel 
bank where POTS line cards 102a, 102fc, . . . 102n are 
connected to the backplane conventional bank control unit 
(BCU) 110 through a backplane interface such as a conven- 
tionalSBI 106. In the conventional POTS SBI channel bank, 
each of the line cards 102a, 102b, . . . 102n is capable of 
supporting up to 24 conventional POTS DSO channels and 
4 conventional POTS control channels. A DSO channel is 64 
kilobits per second (kbps) digital channel each having a 
transmission rate of 8,000 bytes per second, each byte 
including 8 bits. Each of the DSO channels supports one 
conventional POTS interface or its equivalent. SBI 106, 
which is on the backplane of the BCU 110, allows the BCU 
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2 

to process upstream DSO signals from one or more POTS 
line cards 102a, 1026, . . . 102rt. A conventional SBI channel 
bank system is capable of carrying upstream and down- 
stream traffic separately, with the upstream traffic defined as 

S transmission in the direction -from one of the POTS line 
cards 102a, 102Z>, . . . 102rt to the BCU 110, and the 
downstream traffic defined as transmission in the direction 
from the BCU to the POTS line card. The direction of the 
upstream traffic is indicated by arrows 104a, 104fc, . . . 104« 

10 leading from the POTS line cards 102a, 1026, . . . 102/j to 
the BCU 110, respectively. 

For the upstream traffic, each of the line cards 102a, 1026, 
. . , 102k has a serial backplane traced to the BCU 110 
through the SBI 106, which is physically provided on the 

15 backplane of the BCU 110. The conventional SBI frame 
format allows each of the line cards 102a, 1026, . . . 102n 
to support 32 channels each capable of providing a trans- 
mission rate of 64 kbps. The 32 channels may include 24 
conventional DSO channels, 4 control channels, 2 data link 

20 channels, a framing channel and a reserved channel. The 
DSO channels, the control channels, the data link channel, 
the framing channel and the reserved channel are multi- 
plexed in the time domain by using a conventional time 
division multiplexing (TDM) technique, which is known to 

25 a person skilled in the art. A clock 108 is provided for the 
BCU 110 and operates at a clock rate of 4.096 MHZ. In the 
conventional POTS SBI channel bank system, every other 
bit time on the clock 108 is unused, thereby producing an 
affective data rate of 2.048 MHZ, which is one half of the 

30 clock rate of 4.096 MHZ, on the backplane trace of the BCU 
110. The effective data rate of 2.048 MHZ is sufficient to 
support 32 time slots, with each time slot sufficient for 
supporting a conventional 64 kbps channel. As shown in 
FIG. 1, a conventional SBI frame which has a duration of 

35 125 is long enough to carry one 8-byte per SBI time slot 
for each of the 32 channels each having a data rate of 64 
kbps. 

Broadband traffic of data in an asynchronous transfer 
mode (ATM) format is carried by conventional asymmetri- 

40 cal digital subscriber lines (ADSL). The ATM data are 
transmitted in the form of ATM cells assigned to the respec- 
tive time slots in the SBI frames, each frame having a 
duration of 125 fits. The transmission of the ATM cells over 
the ADSL is called "ATM over ADSL." Examples of digital 

45 signals which are carried in the ATM format include digital 
video signals and computer data signals. On the other hand, 
telephony signals are usually carried over the conventional 
DSO channels which are time division multiplexed and 
assigned to the SBI time slots according to the SBI frame 

50 format as shown in FIG. 1. It is desirable to be able to 
transmit the conventional POTS DSO channels and the ATM 
data within the same SBI frame. It is also desirable to be able 
to convey both ATM and POTS traffic over existing con- 
ventional channel bank backplanes. 

55 However, the conventional SBI frame format as shown in 
FIG. 1 and described above is not capable of supporting both 
the POTS DSO channels and the broadband ATM traffic with 
a desirable data rate, when each bit in the DSO cells is 
interleaved with a reserved bit. Therefore, there is a need for 

60 an upstream subscriber bus interface protocol which allows 
an SBI frame to carry both POTS and ATM traffic. 
Furthermore, there is a need for an upstream SBI data format 
which allows an SBI frame to be processed by either a 
conventional narrowband BCU or a broadband ADSL bank 

65 control unit (ABCU). There is yet a further need for an 
upstream SBI protocol which allows mixed connections 
between the line cards and the control unit, for example, a 
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mixed connection between a conventional POTS line card " system and the wide band ATM payload data may be 

and a broadband ABCU, or a mixed connection between an included within a single SBI frame for upstream transmis- 

ADSL line card and a conventional narrowband BCU. sion from a line card to a control unit. The present invention 

^ ___ ^ _ allows the reserved bits within the SBI time slots of a 

SUMMARY OF THE INVENTION 5 conventional SBI channel bank system to be utilized 

The present invention satisfies these needs. In accordance efficiently, thereby producing an effective data transmission 

with the present invention, a method of formatting an SBI ra te twice that of the conventional SBI channel bank system 

frame comprises the steps of: without increasing the clock rate. 

assigning asynchronous transfer mode (ATM) payload Further, with the present invention, compatibility between 

bytes to some SBI time slots within the SBI frame; and io conventional narrowband line cards and a broadband ADSL 

assigning plain old telephone service (POTS) digital bank control unit (ABCU), and between broadband ADSL 

signal bytes to some of the SBI time slots within the line cards and the conventional narrowband bank control 

SBI frame, wherein the SBI frame is configured for unit (BCU) can be obtained. Further with the present 

transmission from a line card selected from the group invention, the control unit which may be either an ABCU or 

including an asymmetrical digital subscriber line is a BCU, and can be connected to a mixture of POTS line 

(ADSL) line card and a POTS line card to a control unit cards and ADSL line cards, thereby solving the problem of 

selected from the group including an ADSL bank compatibility between the SBI formats of ATM over ADSL 

control unit (ABCU) and a narrowband bank control and conventional POTS channels. 

Incne Siment, the SBI frame includes an overhead 20 BRIEF DESCRIPTION OF THE DRAWINGS 

byte. The control unit may receive upstream POTS and ATM jn e present invention will be described with respect to 

bytes from different ports of a line card. The overhead byte particular embodiments thereof, and references will be made 

includes back pressure indicator (BPI) bits for signifying to l0 tne drawings in which: 

the control unit whether to enable or to disable downstream FIG 1 ^ & illustrating time slots in, a conven- 

transmission on one of the channels from the control unit to 25 Uonal subscriber DUS interface (SBI) frame; 

one of the ADSL ports on the line card when the line card ^ ^ m illustratin pstream 

k! T tH Un »^f an S^ tt transmission of the conventional SBI frame of FIG. 1 from 

of the BPI bits may be assigned either 0> for disabling the convendonal ^ M ^ hone (p0TS) line cards 

downstream transmission within the respective channel or OTnven J Qal narr0 wband bank control unit (BCU); 
"1 for enabling the downstream transmission. The over- 30 lwaw . j- r u* 
head byte may further include port identifier bits for iden- FIG. 3 is a diagram illustrating an embodiment of bit 
tifying the port number of each port on the line card. The mapping of an overhead byte within the SBI frame in 
overhead byte may further include cell type indicator bits for accordance with the present invention; 
indicating the type of cells in the SBI frame. FIG. 4 is a diagram illustrating an embodiment of assign- 
In a further embodiment, the method of the present 35 ment of an ATM cell payload, DSO signals, and control 
invention comprises the additional steps of assigning an signals into the time slots of an SBI frame in accordance 
ADSL identification tag (ATT) byte to the SBI frame for with the present invention; 

identifying whether the line card is an ADSL line card and pIG. 5 is a diagram illustrating an embodiment of bit 

transmitting the AIT byte from the line card to the control mapping of a back pressure indicator (BPI) byte within the 

unit. Furthermore, the AIT byte and the overhead byte may 40 $g] fr ame in accordance with the present invention; 

be assigned to the same time slot, such as SBI time slot #0, piG 6 is a simplified block diagram showing the 

which is the first time slot within the SBI frame. upstream transmission of the SBI frame according to the 

In another embodiment, the SBI frame according to the prcscnt invention from asymmetrical digital subscriber line 

present invention includes a plurality of ATM header bytes, (adsL) line cards to an ADSL bank control unit (ABCU); 

each of which is bit interleaved with a respective one of the 45 simplified diagram showing the ABCU con- 

POTSdigitalsignalbyteswithinarespectiveoneoftheSBI to ^ q{ ^ cute including at least one 

time slots. p0TS Un£ cafd and at least one line card; 

Furthermore, ATM header bytes may be assigned to a first . . „™„ 

plurality of the time slots, each of which includes, in . HG. 8 is a anyhflcd block diagram showing a conven- 

additiontoarespectiveoneoftheATMheaderbyte S ,oneof 50 jional narrowband BCU connected to a plurality of ADSL 

the POTS digital signal bytes. Each ATM header byte may ^ cards wh "; h are ca P able of transmitting the SBI frames 

be bit interleaved with a.respective one of the POTS digital according to the present invention; and 

signal bytes within each of the first plurality of the time slots FIG. 9 is a simplified diagram showing the conventional 

before the SBI frame is transmitted from the line card to the narrowband BCU connected to a plurality of fine cards 

control unit. 55 including at least one ADSL line card and at least one POTS 

Furthermore, in the embodiment in which the BPI bits are line card, 

provided in the SBI frame for the upstream transmission DETAILED DESCRIPTION 
from an ADSL line card to the control unit, and the BPI bits 

may be transmitted twice within each SBI frame to signify The present invention provides an asymmetrical digital 

to the control unit whether to enable or to disable down- 60 subscriber line (ADSL) upstream subscriber bus interface 

stream transmission from the control unit to the line card. (SBI) protocol for upstream transmission of SBI frames in a 

The BPI bits may be transmitted as part of the overhead byte SBI channel bank comprising a plurality of line cards 

within the first time slot, that is, time slot #0, and transmitted connected to a control unit through the SBI. Each SBI frame 

again within a time slot in the middle of the SBI frame, such transmitted on the SBI according to the present invention 

as time slot #16. 65 includes SBI time slots for carrying payload bytes of a 

Thus, with the present invention, both the conventional broadband asynchronous transfer mode "ATM" cell and 

narrowband digital signal channels of a conventional POTS narrowband digital signals, such as Digital Signal 0 (DSO) 
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channel signals, which are provided from industry-standard 
telephony channels. The narrowband digital signals referred 
to herein are generated from narrowband line cards with a 
data rate equal to or less than a DS1 line card. Narrowband 
line cards that transmit such narrowband digital signals 
include DS1, Tl, and POTS line cards. The broadband 
signals are transmitted from ADSL line cards. 

I An overhead byte is assigned to one of the SBI time slots 
I within the SBI frame of the present invention. The overhead 
l byte preferably includes back pressure indicator (BPI) bits, 
1 cell type indicator bits, and port identifier bits, as described 
lin more detail in the text which follows. The overhead byte 
ftmay alternatively include an arbitrary selection of bits to fill 
] a portion of a frame of an SBI lime slot. 

The SBI frame formatted according to the protocol of the 
present invention is capable of being transmitted from either 
narrowband line cards or from a broadband line card to a 
control unit. The control unit may be either a broadband 
ADSL bank control unit (ABCU) or a conventional narrow- 
band bank control unit (BCU). 

Two versions of formatting an SBI frame, denoted as Ver. 
1 and Ver. 2, for transmission at data rates of 2.048 MHZ and 
4.096 MHZ respectively, are shown in Table A below. In Ver. 
1, each SBI frame is capable of carrying two DSO channels 
for conventional POTS and one-half of an ATM cell at an 
effective data transmission rate of 2.048 million bits per 
second (Mbps), which is the same as the effective data 
transmission rate of a conventional SBI channel bank sys- 
tem. Each SBI time slot carries one information byte includ- 
ing eight bits which are interleaved with reserved bits, which 
are assigned to carry information. Within each SBI time slot, 
a reserved bit is interspersed between adjacent information 
bits in a scheme similar to that which is illustrated in FIG. 
1 and described above. In Ver. 2, the SBI frame according to 
the present invention carries four* POTS DSO channels and 
a full ATM cell, and is capable of being transmitted at twice 
the transmission rate of the SBI frame in Ver. 1. 

TABLE A 



V 



SBI 
Time - 
Slot No. 



Ver. 1 
bits (7:0) 



bits (15:8) 
OR *odd 
bits 



bits 
(7:0) 
OR 
"even 
bits 



time QiS) 



Notes 



OH 



ATT 



OH 0.00000 



DSO m HI 3.90625 



DSO #1 • DSO #1 H2 7.81250 
HI or P23 DSO #2 H3 11.71875 




SIQ 



SIG 



15.62500 



Overhead byte 

(includes BPI) 
POTS #0; ATM 

header byte 1 
POTS #1; ATM 

header byte 2 
POTS #2; ATM 

header by te 3 
Signal: 
channel for Di 
#0-3 (o\i 



5* 


H2 or P24 


DSO #3 


H4 


19.53125 


POTS #3; ATM 












header byte 4 


6 


H3 or P25 


PI 


P2 


23.43750 


ATM cell payload 


7 


H4 or P26 


P3 


P4 


27.34375 


ATM cell payload 


8 


PI or P27 


P5 


¥6 


31.25000 


ATM cell payload 


9 


P2 or P2S 


P7 


?8 


35.15625 


ATM cell payload 


10 


P3 or P29 


P9 


P10 


39.06250 


ATM cell payload 


11 


P4 or P30 


Fll 


P12 


42.96875 


ATM cell payload 


12 


P5 or P31 


PI 3 


P14 


46.87500 


ATM cell payload 


13 


P6 or P32 


PI 5 


P16 


50.78125 


ATM cell payload 


14 


P7 or P33 


PI 7 


P18 


54.68750 


ATM cell payload 


15 


P8 or P34 


PI 9 


P20 


58.59375 


ATM cell payload 



10 



20 



25 



35 



45 




60 



65 



TABLE A-continued 



Ver. 2 



bits 
(7:0) 







hits (IS'ffl 


OR 






Time 


Ver 1 


OR 'odd 








Slot No 


hit* n-o\ 


bits 


bits 


time (ffS) 


Notes 


16* 


SRQ 


SRQ 


BPI 


62.50000 


SBI service 












request channel 












(old); Back 












Pressure 












Indication (new) 


17 


P9 or P35 


P21 


P22 


66.40625 


ATM cell payload 


18 


P10 or P36 


P23 


P24 


70.31250 


ATM cell payload 


19 


Pll or P37 


P25 


P26 


74.21875 


ATM cell payload 


20 


P12 or P38 


P27 


P28 


78.12500 


ATM cell payload 


21 


PI 3 or P39 


P29 


P30 


82.03125 


ATM cell payload 


22 


PI 4 or P40 


P31 


P32 


85.93750 


ATM cell payload 


23 


P15 or P41 


P33 


P34 


89.84375 


ATM cell payload 


24* 


DL 


DL 




93.75000 


SBI data link 












channel (old) 


25 


PI 6 or P42 


P35 


P36 


97.65625 


ATM cell payload 


26 


P17 or P43 


P37 


P38 


101.56250 


ATM cell payload 


27 


P18 or P44 


P39 


P40 


105.46875 


ATM cell payload 


28 


P19 or P45 


P41 


P42 


109.37500 


ATM cell payload 


29 


P20 or P46 


P43 


P44 


113.28125 


ATM cell payload 


30 


P21 or P47 


P45 


P46 


117.18750 


ATM cell payload 


31 


P22 or P48 


P47 


P48 


121.09375 


ATM cell payload 



•Bit interleaving within SBI time slot for version 2 only. 

The SBI frame according to the present invention includes 
32 time slots numbered in a sequential order from 0 to 31, 
with SBI time slot #0 being transmitted first and the SBI 
time slot #31 being transmitted last within each SBI frame. 
An overhead byte denoted as "OH" is assigned to SBI time 
slot #0. In Ver. 1, the overhead byte is assigned to SBI time 
slot #0. Two conventional POTS digital signal channels, 
denoted as "DS0#0" and "DS0#1," are assigned to SBI time 
slots 1 and 2, respectively. A signaling bvte. denoted as 
" SIG" for carrying a signaling channel for the POTS digital 
signal channels PS OK) and DS0#1, is assigned to SBI time" 
slot #4 A service request byte, denoted as "SRQ" for 
^carrying an SBI service request channel, is assigned to SBI 
time slot #16. An SBI data link byte, denoted as "DL" for 
carrying an SBI data link channel, is assigned to SBI time 
slot #24. The signaling channel, the SBI service request 
channel and the SBI data link channel are assigned to the 
respective time slots which correspond to the time slots in a 
conventional SBI frame for carrying the respective channels 
as shown in FIG. 1 and described above. Therefore, Ver. 1 
of the SBI time slot assignment as listed in Table A above is 
compatible with the conventional SBI frame format. 

In this embodiment, the SBI frame format according to 
the present invention allows the SBI frame to be transmitted 
from an ADSL line card to a conventional narrowband BCU 
for receiving the upstream POTS DSO traffic while avoiding 
compatibility problems between the conventional SBI frame 
format for carrying the conventional POTS digital signal 
channels and the SBI frame format for carrying upstream 
ATM traffic as well as the conventional POTS channels 
according to the present invention. 

Furthermore, Ver. 1 of the SBI frame format according to 
the present invention is capable of carrying one-half of an 
ATM cell. SBI time slots #3, 5-15, 17-23 and 25-31 are 
each assigned either an ATM header byte or an ATM payload 
byte depending upon whether the SBI frame carries the first 
half or the second half of an ATM cell. In the case in which 
the SBI frame carries the first half of an ATM cell, SBI time 
slot #3, 5, 6 and 7 are assigned to carry four ATM header 
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bytes numbered consecutively from HI to H4, respectively, 
as listed in Table A above. ATM payload bytes P1-P8 of the 
first half of the ATM cell are assigned to SBI time slots 
#8-15, respectively. ATM payload bytes P9-P15 of the first 
half of the ATM cell are assigned to SBI time slots #17-23, 
respectively. ATM payload bytes P16-P22 of the first half of 
the ATM cell are assigned to SBI time slots #25-31, respec- 
tively. 

If the SBI frame of Ver. 1 is designated to carry the second 
half of an ATM cell, ATM payload byte P23 is assigned to 
SBI time slot #3 of the SBI frame. SBI payload bytes 
P24-P34 are assigned to SBI time slots #5-15, respectively. 
ATM payload bytes P35-P41 of the second half of the ATM 
cell are assigned to SBI time slots #17-23, respectively. 
ATM payload bytes P42-P48 of the second half of the ATM 
cell are assigned to SBI time slots #25-31, respectively. In 
Ver. 1 of the SBI frame format according to the present 
invention, two SBI frames are required for carrying the 
header bytes and the payload bytes of a complete ATM cell. 

In accordance with the present invention, the overhead 
byte OH is assigned to SBI time slot #0, which is the first 
time slot within the SBI frame. FIG. 3 shows an embodiment 
of bit mapping of the overhead byte according to the present 
invention. The bits within each byte are numbered consecu- 
tively from 7 to 0, with bit #7 being the most significant bit 
and bit #0 being the least significant bit. Bit #7 is transmitted 
first and bit #0 is transmitted last within the respective byte. 
As shown in FIG. 3, four back pressure indicator (BPI) bits, 
denoted as BP_3, BP__2, BP_1 and BP__0, are assigned to 
bits #7-4 of the overhead byte, respectively. Each of the BPI 
bits is assigned either "0" or "1" for signifying whether to 
allow "back pressure," that is, for disabling or enabling 
downstream transmission within a respective channel from 
the control unit to a respective port on the ADSL line card. 
In the example illustrated in FIG. 3, the bit mapping of the 
overhead byte allows up to four ADSL ports to be provided 
on each ADSL line card, each of the ADSL ports supporting 
a respective one of four channels of communication, either 
upstream or downstream, between the ADSL line card and 
the ABCU. 

For example, bit #7, which is assigned BP_3 among the 
BPI bits, may be bitmapped to indicate whether to disable or 
to enable downstream transmission from the ABCU to port 
#3 on the ADSL line card. Bit #6 (BP_2) may be assigned 
to indicate either the disabling or the enabling of down- 
stream transmission from the ABCU to port #2. Bit #5 
(BP_1) may be bitmapped to indicate the back pressure for 
port #1, and bit #4 (BP_0) may be bitmapped to indicate the 
back pressure for port #0. Each of the BPI bits may be 
assigned a "0" to indicate the disabling of downstream 
transmission from the ABCU to the respective port on the 
ADSL line card along the respective channel and a "1" for 
enabling the downstream transmission along the respective 
channel. Alternatively, each of the BPI bits may be assigned 
either "0" for enabling the downstream transmission or "1" 
for disabling the downstream transmission from the ABCU 
to the respective port on the ADSL line card. 

FIG. 3 also shows that two cell type indicator bits, 
denoted as CT_1 and CT_0, are assigned to bit #3 and bit 
#2 of the overhead byte, respectively. For Ver. 1 of the SBI 
time slot assignment listed in Table A above, each SBI frame 
is capable of carrying one-half of an ATM cell. An example 
of the coding of the cell type indicator bits for Ver. 1 of the 
SBI frame format is listed in Table B below. 
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TABLE B 



cr_i 


cr__o 


Cell Type Indication 


0 


0 


First half of an ATM cell 


0 


i 


Second half of an ATM cell 


i 


0 


Idle cell 


i 


1 


Unused 



io In the example illustrated in Table B above, the cell type 
indicator bits CT__1 and CT_0 indicate that the SBI frame 
contains the first half of an ATM cell when they are coded 
00. When the cell type indicator bits CT_1 and CT_0 are 
coded 01, the SBI frame carries the second half of an ATM 

15 cell. Furthermore, the cell type indicator bits CT_1 and 
CT__0 may optionally be assigned 10 for indicating that the 
SBI frame contains an idle cell or 11 for indicating that the 
SBI time slots for carrying the ATM header bytes or payload 
bytes are unused. The cell type indicator bits are not limited 

20 to the cell type indications listed in Table B above. It is 
understood by one of ordinary skill in the art that other bit 
coding schemes for the cell type indicator bits are also 
feasible. 

Furthermore, two port identifier bits denoted as Pid_l 
25 and Pid_2 may be provided within the overhead byte to 
indicate which ADSL port number on the ADSL line card is 
transmitting the current ATM cell from the respective ADSL 
port to the control unit. In the example shown in FIG. 3, bit 
#1 and bit #0 of the overhead byte are bitmapped with the 
30 port identifier bits Pid_l and Pid_0, respectively. In the 
example in which four ADSL ports are provided on the 
ADSL line card, the port identifier bits Pid__l and Pid_J) 
may be assigned to indicate the port numbers as listed in 
Table C below. 

35 



TABLE C 



40 



Pid_l 


Pid_0 


Port Number Indication 


0 


0 


Port#0 


0 


1 


Port #1 


1 


0 


Port #2 


1 


1 


Port #3 



45 FIG. 3 shows only an example of the coding of the port 
identifier bits for indicating the port numbers. It is under- 
stood by one of ordinary skill in the art that other bit coding 
schemes may also be used for the port identifier bits. 
Furthermore, if an ADSL line card is provisioned to carry 

50 a fixed number of ADSL ports, for example, four ADSL 
ports, it is not required that the upstream ATM traffic from 
each of the four ADSL ports be limited to one-fourth of the 
total available bandwidth. The different ADSL ports on the 
ADSL line card can share the total available upstream 

55 bandwidth depending upon the amount of upstream traffic 
from each of the four ADSL ports in different situations. For 
example, when heavy upstream ATM traffic is present on 
one of the ADSL ports on the ADSL line card, the ADSL line 
card may be provisioned to allocate more bandwidth to this 

,50 particular ADSL port than to the other ADSL ports on the 
line card. The port identifier bits allow for equal sharing of 
the total available bandwidth among the different ADSL 
ports on the line card based upon demand for upstream 
traffic. 

65 Alternatively, if the total available bandwidth for 
upstream transmission need not be shared equally on 
demand by the different ADSL ports on the ADSL line card, 
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the port identifier bits need not be included in the overhead 
byte. The ATM cells may be transmitted upstream from the 
respective ADSL ports on the ADSL line card to the control 
unit in a sequence such as a round robin sequence, thereby 
avoiding the need for providing the port identifier bits in the 5 
overhead byte. 

The present invention provides another embodiment of 
the upstream ADSL SBI protocol utilizing the reserved bits 
within each SBI time slot of a conventional SBI frame to 
increase the affective data transmission rate to 4.096 Mbps 10 
per ADSL line card, using the same clock rate of 4.096 MHZ 
as in the conventional SBI channel bank system. Referring 
back to Table A, Ver. 2 of the SBI time slot assignment in 
accordance with the present invention utilizes both the 
higher order byte including eight bits numbered consecu- 35 
tively from bit #15 to bit #8 (15:8) and the lower order byte 
including eight bits numbered consecutively from bit #7 to 
bit #0 (7:0) within the SBI time slots to carry up to four 
conventional POTS DSO channels and an entire ATM cell in 
an SBI frame. 20 

In order for the ABCU to distinguish an ADSL line card 
from a conventional POTS line card, the SBI frame accord- 
ing to the present invention includes an ADSL identification 
tag (AIT) byte for identifying that the line card is an ADSL 
line card. Upon reading the AIT byte from the ADSL line 
card, the ABCU recognizes that the line card from which the 
SBI frame is transmitted is an ADSL line card. If the ADSL 
line card is plugged into a conventional narrowband BCU, 
the BCU does not recognize the AIT byte, and instead treats ^ 
the SBI frame as if it is a conventional SBI frame for 
upstream POTS traffic. The conventional narrowband BCU 
would still be able to receive the conventional POTS DSO 
channels carried within the SBI frame according to the 
present invention. The ADSL line card transmitting the SBI ^ 
frame according to the present invention is thus compatable 
with both the ABCU and the conventional narrowband 
BCU. 

In the SBI frame format of Ver. 2 as shown in Table A 
above, the AIT bits and the overhead bits are not interleaved ^ 
with each other within the SBI time slot #0, although in a 
different embodiment, the AIT bits and the overhead bits 
may be interleaved with each other within the SBI time slot 
#0 prior to the upstream transmission from the ADSL line 
card to the control unit. 45 

As shown in Table A above, the SBI frame format 
according to Ver. 2 allows for the assignment of up to four 
POTS DSO channels numbered consecutively from DS0#0 
to DS0#3 and an entire ATM cell which includes ATM 
header bytes H1-H4 and ATM payload bytes P1-P48. The 50 
four DSO channels DS0#0-DS0#3 are assigned to the odd 
bits of the SBI time slots #1, 2, 3 and 5, respectively. The 
ATM header bytes H1-H4 are assigned to the even bits of 
the SBI time slots #1-3 and 5, respectively. As indicated in 
Table A above, the DSO byte and the ATM header byte 5S 
within each of the SBI time slots #1-3 and 5, which are 
indicated with astericks (*), are bit interleaved with each 
other. Within each of the SBI time slots #1-3 and 5, the DSO 
bits are assigned to the odd bits (15, 13, 11, ... ) and the 
ATM header bits are assigned to the even bits (14, 12, 60 
10, ... ) before they are transmitted from the ADSL line card 
to the control unit. 

FIG. 4 shows the assignment of SBI time slots according 
to Ver. 2 including the bit interleaving of the ATM header 
byte and the POTS DSO byte in an SBI time slot according 65 
to the present invention. As shown in FIG. 4, the POTS DSO 
bits and the ATM header bits within one of the SBI time slots 
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#1-3 and 5, for example SBI time slot #3, are bit interleaved 
with each other. In the example shown in FIG. 4, bit #7 of 
the DSO byte within SBI time slot #3 is followed by bit #7 
of the ATM header byte H3, which is in turn followed by bit 
#6 of the DSO byte and so on. The DSO bits 7, 6, 5, 4, 3, 2, 

1 and 0 occupy the odd bits 15, 13, 11, 9, 7, 5, 3 and 1 of 
the SBI time slot #3, respectively. Bits 7, 6, 5, 4, 3, 2, and 
0 of the ATM header byte H3 occupy the even bits 14, 12, 
10, 8, 6, 4, 2 and 0 of the SBI time slot #3, respectively. The 
same bit interleaved format also applies to SBI time slots #1, 

2 and 5 as indicated in Table A above. 

In order for the control unit, which can be either an ABCU 
or a conventional narrowband BCU to receive the conven- 
tional POTS signaling channel, the SBI service request 
channel and the SBI data link channel for the conventional 
POTS DSO traffic, a signaling (SlG) byt e, a service request 
(SRQ) byte and a SBI data link (DL) byte are assigned to 
SBI time slots #4, 16 and 24, respectively. The hits are 
assigned to the odd bits of the SBI tir np. slot #4, and the^ven 
T> its of the SBI time slot #4 remain as reserved bits. In a 
similar manner, the DL bits are assigned to the odd bits of 
the SBI time slot #24 while the even bits of the SBI time slot 
#24 remain as reserved bits. The provision of the signaling 
channel and the SBI data link channel in the respective SBI 
time slots #4 and 24 thus allows Ver. 2 of the SBI frame 
format in accordance with the present invention to be 
compatible with the SBI frame format for the conventional 
upstream POTS traffic as shown in FIG. 1 and described 
above. 

Referring to Table A above, the SRQ bits are assigned to 
the odd bits of the SBI time slot #16 while a back pressure 
indicator (BPI) byte is assigned to the even bits of the SBI 
time slot #16. An example of the bitmapping of the BPI byte 
within the SBI time slot #16 is shown in FIG. 5, with BPI 
bits BP_3, BP _Z, BP_1 and BP_0 assigned to bits 7-4 of 
the BPI byte, respectively. Bits 3-0 of the BPI byte are not 
assigned in this embodiment. The BPI bits may be coded in 
the same manner as the BPI bits in the overhead byte as 
shown in FIG. 3 and described above. For example, each of 
the BPI bits BP_3, BP_2, BP__1 and BP-0 may be assigned 
either "0" or "1" to indicate the absence or the presence of 
back pressure, that is, whether to disable or to enable 
downstream transmission from the ABCU to a respective 
one of the four ADSL ports on the ADSL line card. 

Referring back to Table A, the bits of the SRQ byte are 
assigned to the odd bits (15, 13, 11, ... ) of the SBI time slot 
#16, while the bits of the BPI byte are assigned to the even 
bits (14, 12, 10, ... ) of the SBI time slot #16. The 
interleaving of the SRQ bits with the. BPI bits allows a 
conventional narrowband BCU to receive the SRQ channel 
for conventional upstream POTS traffic while ignoring the 
BPI bits which are assigned to the even bits of the SBI time 
slot #16. The conventional narrowband BCU, which is 
provisioned to read every other bit while clocked by a 4.096 
MHZ clock, reads only the odd bits which carry the SRQ 
channel for the conventional upstream POTS traffic and 
ignores the BPI bits as if they are reserved bits. Because the 
BPI bits are used only for regulating the back pressure, that 
is, the downstream traffic from an ABCU to an ADSL line 
card, the BPI bits are irrelevant to the conventional narrow- 
band BCU which is concerned with narrowband traffic 
provided, for example, by POTS, Tl and DSO line cards. 

On the other hand, if the ADSL line card transmitting the 
SBI frame according to the present invention is connected to 
an ABCU, the ABCU receives both the SRQ channel for the 
POTS traffic and the BPI byte for indicating whether to 
enable or to disable downstream transmission from the 
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ABCU to the different ADSL ports on the ADSL line card. 
In Ver. 2 of the SBI frame format as shown in Table A above, 
the BP1 bits are transmitted twice within an SBI frame, the 
first time within the overhead byte in SBI time slot #0 and 
the second time in the even bits of the SBI time slot #16. The 
transmission of the BPI bits twice in a single SBI frame 
provides redundancy and allows the ABCU to determine 
whether to enable or to disable downstream transmission to 
each of the ADSL ports on the ADSL line card while the 
upstream transmission of the SBI frame continues, without 
having to wait until the start of the upstream transmission of 
the next SBI frame from the ADSL line card to the ABCU. 
Alternatively, the even bits of the SBI time slot #16 may 
simply be left as reserved bits while the SRQ channel is 
carried by the odd bits, such that the BPI bits are transmitted 
as part of the overhead byte once within an SBI frame, 15 

The purpose of interleaving the DSO bits with the respec- 
tive ATM header bits within SBI time slots #1-3 and 5 is 
similar to that of the interleaving of the SIG bits, the SRQ 
bits and the DL bits within the SBI time slot #4, 16 and 24, 
respectively. When the ADSL line card is connected to a 20 
conventional narrowband BCU, the BCU only reads every 
other bit of the SBI frame transmitted from the ADSL line 
card. When the conventional narrowband BCU is provi- 
sioned to read only the odd bits within each SBI time slot, 
only the DSO bits which are assigned to the odd bits of the 2 5 
SBI time slots #1-3 and 5 are read by the conventional 
narrowband BCU. The even bits within the SBI time slots 
#1-3 and 5, which carry the ATM header bytes H1-H4, are 
ignored by the conventional narrowband BCU, which treats 
the even bits within each SBI time slot as if they are reserved 
bits. 

On the other hand, when the ADSL line card is connected 
to an ABCU, which includes both the processing compo- 
nents of the conventional narrowband BCU and the pro- 
cessing components for ATM over ADSL, both the odd bits 
and the even bits within each SBI time slot are received and 
processed by the ABCU. The four DSO channels, 
DS0#0-DS0#3, are treated as conventional POTS DSO 
channels and the ATM header bytes H1-H4 serve as the 
header of an ATM cell, which also includes the ATM 
payload bytes P1-P48. 

The ATM payload bytes P1-P48 are assigned to SBI time 
slots #6-15, 17-23 and 25-31. Each of these SBI time slots 
contains two ATM payload bytes, which are transmitted 
sequentially within the respective SBI time slots. For 
example, ATM cell payload byte PI is assigned to the higher 
order bits (15:8) of the SBI time slot #6 and the ATM cell 
payload byte P2 is assigned to the lower order bits (7:0) of 
the SBI time slot #6. The ATM payload byte PI is trans- 
mitted from the ADSL line card to the control unit prior to 
the transmission of the ATM payload byte P2. In this 
embodiment, the ATM payload bytes PI and P2 are not bit 
interleaved with each other within the SBI time slot #6. In 
an alternate embodiment, the bits of the two ATM payload 
bytes within each of the SBI time slot #6-15, 17-23 and 
25-31 are interleaved with each other, thereby producing a 
SBI frame in a fully bit-interleaved format. 

FIG. 4 shows an example of the assignment of ATM cell 
payload bytes P43 and P44 within the SBI time slot #29. The 
ATM payload byte P43 includes 8 bits numbered consecu- 
tively from 7 to 0 with bit #7 being the most significant bit 
and bit #0 being the least significant bit within the ATM 
payload byte P43. Similarly, the ATM payload byte P44 
includes 8 bits numbered consecutively from bit #7 to bit #0. 
The ATM cell payload bytes are each transmitted from the 
ADSL line card to the control unit in a sequence from the 
most significant bit #7 to the least significant bit #0. 



Within each of the SBI time slots for carrying the ATM 
payload bytes, the odd-ordered byte is transmitted before the 
even-ordered byte. For example, the ATM payload byte P43 
is transmitted before the ATM payload byte P44 within the 
SBI time slot #29. Alternatively, within each of the SBI time 
slots for carrying the ATM payload bytes, the odd-ordered 
ATM payload byte may be bit interleaved with the respec- 
tive even-ordered ATM payload byte. For example, within 
the SBI time slot #29, bit #7 of the ATM payload byte P39 
may be followed by bit #7 of the ATM payload byte P40, 
which is in turn followed by bit #6 of the ATM payload byte 
P39, and so on. However, bit interleaving of the ATM 
payload bytes is not critical to the present invention. 

The overhead byte, which is assigned to the lower order 
bits (7:0) in the SBI time slot #0 in Ver. 2 of the SBI frame 
format according to the present invention, may have a 
bitmapped format as shown in FIG. 3. The BPI bits BP_3, 
BP_2, BP_1 and BP_0 are assigned to bits 7-4 of the 
overhead byte, respectively. Each of the BPI bits is assigned 
either "0" or "1" for indicating whether to disable or to 
enable downstream transmission from the ABCU to a 
respective one of the ADSL ports on the ADSL line card as 
described above. The cell type indicator bytes CT_1 and 
CT_0 are assigned to bit #3 and bit #2, respectively. For Ver. 
2 of the SBI frame format according to the present invention, 
the cell type indicator bits may be coded according to Table 
D below. 

TABLED 



30 



35 



45 



50 



55 



60 



65 



CT_1 


CT_0 


Cell Type Indication 


0 


0 


Normal ATM cell 


0 


1 


CPU (OAM) cell 


1 


0 


Reserved 


1 


1 


Null/idle cell 



In the example shown in Table D above, when both CT_1 
and CT_0 are assigned bits 00, the ADSL line card signifies 
to the ABCU that the SBI frame carries a normal ATM cell. 
When the cell type indicator bits CT_„1 and CT_0 are 
assigned 01, the ADSL line card signifies to the ABCU that 
the SBI frame contains a central processing unit (CPU) cell 
or a control cell such as an operation and the maintenance 
(OAM) cell. The CPU cell or OAM cell is transmitted from 
the ADSL line card to the ABCU for controlling the opera- 
tion and processing of the ABCU, for example. The coding 
of 10 to the cell type indicator bits CT_1 and CT__0 
indicates that the ATM cell within the SBI frame is a 
reserved cell, and the coding of 11 to the cell type indicator 
bits CT_1 and CT_0 indicates that the ATM cell within the 
SBI frame is a null or idle cell. Even if the ATM cell within 
the SBI frame is a reserved or idle cell, conventional POTS 
data traffic may still be transmitted upstream from the ADSL 
line card to the ABCU through the four DSO channels, which 
are not affected by the absence of payload data within the 
ATM cell. 

As shown in FIG. 3, two port identifier bits Pid_l and 
Pid_0 are assigned to bit #1 and bit #0 of the overhead byte, 
respectively. In a manner similar to that which is applicable 
to Ver. 1 of the SBI frame format according to the present 
invention and described above, it is not required that the 
upstream ATM traffic from each of the ADSL ports on the 
ADSL line card be limited to an equal share of the total 
available bandwidth. The different ADSL ports on the ADSL 
line card may be provisioned to share the overall available 
upstream bandwidth as needed. For example, an ADSL port 
which is assigned to carry heavier ATM traffic than the other 
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ADSL ports on the ADSL line card may be allocated more 
bandwidth than the bandwidths allocated to the other ADSL 
ports. The port identifier bits allow unequal sharing of the 
total upstream bandwidth among the different ADSL ports 
on the ADSL line card. 

In an alternate embodiment, the port identifier bits need 
not be provided within the overhead byte at all In this case, 
the ATM cells may be transmitted upstream from the dif- 
ferent ADSL ports on the ADSL line card to the ABCU in a 
round robin sequence, for example, thereby obviating the 
need for the port identifier bits. However, the upstream 
bandwidth could not be shared on demand by each of the 
ADSL ports on the ADSL line card without the port iden- 
tifier bits. 

FIG. 6 shows a block diagram of an embodiment of an 
ADSL channel bank system to which the ADSL upstream 
SBI protocol according to the present invention is appli- 
cable. ADSL line cards 202a, 2026, . . . 202/j are connected 
to an ADSL bank control unit (ABCU) 204 through a 
subscriber bus interface (SBI) 206. The SBI frames format- 
ted according to the ADSL upstream SBI protocol of the 
present invention are transmitted upstream from the ADSL 
line cards 202a, 2026, . . . 202/j in an upstream direction 
indicated by solid arrows 208a, 2086, . . . 208/1 to the ABCU, 
which includes both the processing components of a nar- 
rowband bank control unit (BCU) for the processing of 
conventional POTS digital signals and the processing com- 
ponents for the ATM cells transmitted over the ADSL. 
Dashed arrows 210c, 2106, . . . 210/j indicate the down- 
stream transmission from the ABCU 204 to the respective 
ADSL line cards 202a, 2026, . . . 202/j. The back pressure 
indicator (BPI) bits, which are provided in the overhead byte 
according to the present invention, are transmitted upstream 
from a respective one of the ADSL line cards 202a, 2026, . . . 
202n to the ABCU 204 and signify to the ABCU 204 
whether to enable or to disable the downstream transmission 
within a respective one of the channels as indicated by 
arrows 210a, 2106, . . . 210/1. 

In Ver. 2 of the SBI frame format according to the present 
invention, the BPI bits are transmitted twice within each SBI 
frame, a first time within the overhead byte in SBI time slot 
#0 and a second time in SBI time slot #16. The ABCU 204 
is capable of starting downstream transmission of data to a 
respective one of the ADSL line cards 202a, 2026, . . . 202n 
without having to wait for the complete transmission of the 
upstream SBI frame. The clock 212, which runs at a clock 
rate of 4.096 MHZ, for example, allows the SBI frames to 
be transmitted upstream from each of the ADSL line cards 
202a, 2026, . . , 202/j to the ABCU at a data rate of 4.096 
Mbps, thereby doubling the effective upstream data trans- 
mission rate of a conventional narrowhead SBI channel bank 
for carrying POTS traffic. 

FIG. 7 shows another embodiment of an ADSL channel 
bank system to which the ADSL upstream SBI protocol 
according to the present invention is applicable. In this 
embodiment, line cards 302a, 3026, . . . 302/j include a 
mixture of ADSL line cards such as line cards 302a and 302/j 
and at least one conventional POTS line card such as line 
card 3026 connected to the ABCU 304 through the SBI 306. 
The ADSL line cards 302a and 302n are each capable of 
transmitting SBI frames according to the frame format of the 
present invention to the ABCU 304, which is capable of 
processing both POTS DS0 data and ATM data within the 
SBI time slots. The conventional POTS line card 3026 is 
capable of transmitting SBI frames in a conventional SBI 
frame format, such as that which is illustrated in FIG. 1, for 
carrying upstream POTS traffic. The ABCU 304 is capable 
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of supporting both wide band ADSL line cards such as the 
line card 302a and conventional narrowband POTS line 
cards such as the line card 3026 because the ABCU 304 
includes all of the processing components of the conven- 
tional narrowband BCU and the components for processing 
the ATM cells carried over the ADSL. The upstream trans- 
mission from the line cards 302a, 3026, . . . 302* are 
indicated by solid arrows 308a, 3086, . . . 308/1 leading to the 
ABCU 304 through the SBI 306. The downstream trans- 
mission from the ABCU 304 to the ADSL line cards 302a 
and 302n are indicated by dashed arrows 310a and 310/j, 
respectively. The downstream transmission from the ABCU 
304 to a respective one of the ADSL line cards 302a, 302/1 
is controlled by the BPI bits carried within the respective 
SBI frame, which is transmitted upstream from the respec- 
tive ADSL line card. A conventional POTS line card such as 
line card 3026 transmits only conventional SBI frames 
according to the format of FIG. 1, and does not transmit BPI 
bits to the ABCU 304 to indicate either the enabling or the 
disabling of downstream transmission from the ABCU 304 
to the conventional POTS line card 3026. Downstream 
transmission from the control unit 304 to the conventional 
POTS line card 3026 is carried separately from the upstream 
channel. The clock 312, which operates at a clock rate of 
4.096 MHZ, for example, is capable of clocking the 
upstream transmission of either the SBI frames formatted 
according to the present invention at an effective data rate of 
4.096 Mbps or the conventional SBI frames carrying only 
upstream POTS traffic at an effective data rate of 2.048 
Mbps. 

FIG. 7 further illustrates components which may be used 
on a line card to generate TDM data for transmission to the 
SBI 306 of the ABCU 304. As shown, the ADSL line card 
302a includes field programmable gate array (FPGA) chips 
701-703. The FPGAs 701-703 receive digital data signals 
directed from individual subscriber lines provided to the line 
card 302a. The FPGA are programmed to format the data 
signals from individual subscribers to provide SBI frames 
according to the present invention for transmission from the 
line card 302a to the SBI 306 of the ABCU. Although not 
shown, FPGAs are also typically included in other type line 
cards, such as POTS, DS1 and Tl line cards, to similarly 
format data for SBI frames as described above. Similarly, 
although the formatted data is shown transmitted to an SBI 
306 of an ABCU 304, the formatted data can be transmitted 
to an SBI 406 of a BCU 404 as shown in FIGS. 8 and 9 
according to the present invention. Although FPGAs are 
shown in FIG. 7 for formatting SBI frames, an application 
specific integrated circuit (ASIC), digital signal processor 
(DSP), or microprocessor might likewise function to simi- 
larly format SBI data according to the present invention. 

In FIG. 8, ADSL line cards 402a, 4026, . . . 402* are 
connected to a conventional narrowband bank control unit 
(BCU) 404 through a subscriber bus interface (SBI) 406. 
SBI frames formatted according to the ADSL upstream SBI 
protocol of the present invention can be transmitted from the 
respective ADSL line cards 402a, 4026, . . . 402/j upstream 
to the conventional narrowband BCU 404. The SBI frames 
may be transmitted in a format according to either Ver. 1 or 
Ver. 2 as listed in Table A and described above. The 
conventional narrowband BCU 404 is capable of reading the 
upstream data at an effective data rate of 2.048 Mbps even 
though the clock 408 operates at a clock rate of 4.096 MHZ. 

In the case in which the SBI frame is transmitted accord- 
ing to the format of Ver. 1 as shown in Table A according to 
the present invention, the effective data rate of transmission 
by each of the ADSL line cards 402a, 4026, . . . 402/j is the 



03/05/2004, EAST Version: 1.4.1 



US 6,647,021 Bl 



15 



16 



same as the data rate of reception by the conventional 
narrowband BCU 404. The POTS digital signal channels 
DS0#0 and DS0#1, which are assigned to the SBI time slots 
#1 and 2, respectively, are received and processed by the 
conventional narrowband BCU 404 in the same manner as 
if they are assigned to the SBI time slots of a conventional 
SBI frame formatted according to the conventional SBI 
forma! as shown in FIG. 1. The signaling channel (SIG), the 
SBI service request channel (SRQ) and the SBI data link 
channel (DL) for the upstream POTS DSO traffic are 
assigned to SBI time slot #4, 16 and 24, respectively, which 
are the same time slots as in a conventional SBI frame for 
the upstream POTS traffic. Therefore, the SBI frame of the 
present invention formatted according to Ver. 1 of the SBI 
frame format shown in Table A above allows the conven- 
tional narrowband BCU 404 to receive the upstream POTS 
traffic from the ADSL line cards 402a, 4026, . . . 402n, 
thereby allowing compatibility between the ADSL line cards 
402a, 4026, . . . 402/j and the conventional narrowband BCU 
404. 

SBI frames formatted according to Ver. 2 of the SBI frame 
format as shown in Table A in accordance with the present 
invention is also compatible with the conventional narrow- 
band BCU 404. In this embodiment, an ADSL line card 
transmits the DSO data in four DSO channels allocated to the 
odd bits of SBI time slots #1-3 and 5, the SIG channel 
allocated to the odd bits of SBI time slot #4, the SRQ 
channel allocated to the odd bits of the SBI time slot #16, 
and the DL channel allocated to the odd bits of the SBI time 
slot #24. The conventional narrowband BCU 404, which 
operates only at an effective data rate of 2.048 Mbps, ignores 
every other bit in an SBI frame formatted according to Ver. 
2 of the frame format as shown in Table A above. 

The conventional BCU always reads and processes all the 
odd bits. But, the BCU can be provisioned to look at only 
some or all time slots. With bit interleaving of the odd and 
even bits in SBI time slots #1-5, 16 and 24, only the odd bits 
in these time slots containing the four DSO channels, the SIG 
channel, the SRQ channel and the DL channel are processed 
by the conventional narrowband BCU 404. The ATM header 
bytes H1-H4 in the SBI time 'slots #1, 2, 3 and 5, 
respectively, and the BPI bits assigned to the even bits of the 
SBI time slot #16 are ignored by the conventional narrow- 
band BCU 404. Since the conventional narrowband BCU 
404 is not adapted for processing of ATM data assigned to 
some of the SBI time slots in the SBI frame according to the 
present invention, the BCU 404 can be easily provisioned to 
ignore the ATM data in these time slots, for example, time 
slot #6-15, 17-23 and 25-31. Since the downstream POTS 
traffic from the conventional narrowband BCU 404 is car- 
ried through separate channels to the respective line cards 
402a, 402£>, . . .402«, and, the conventional narrowband 
BCU 404 is provisioned to ignore the BPI bits, only the 
upstream arrows 410a, 410&, . . . 410w are shown leading 
from the respective ADSL line cards 402a, 4026, . . . 402rc 
to the BCU 404. 

FIG. 9 shows yet another embodiment of a channel bank 
system to which the ADSL upstream SBI protocol according 
to the present invention is applicable. Line cards 502a, 5026, 
. . . 502/1 include a mixture of conventional POTS line cards 
such as line cards 502a and 502/j and at least one ADSL line 
card 5026 connected to a conventional narrowband BCU 
504 through the SBI 506. The ADSL line card 5026 is 
capable of transmitting SBI frames formatted according to 
either Ver. 1 or Ver. 2 listed in Table A in accordance with 
the present invention. Since the SBI frame format according 
to the present invention is compatible with the conventional 
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narrowband BCU 504 as described above, the BCU 504 is 
capable of receiving a mixture of POTS line cards as well as 
ADSL line cards which transmit the SBI frames formatted 
according to the present invention. As described above, a 
clock is provided at a clock rate of 4.096 MHZ, even though 
the conventional narrowband BCU 504 operates at an effec- 
tive data rate of only 2.048 Mbps. As illustrated in FIG. 9, 
only the upstream arrows 510a, 5106, . . . SlOn are shown 
leading from the respective line cards 502a, 5026, . . . 502* 
to the conventional narrowband BCU 504. The back pres- 
sure indicator (BPI) bits which are provided in the SBI 
frames according to the present invention are ignored by the 
conventional narrowband BCU 504. Downstream traffic 
from a conventional narrowband BCU 504 is carried 
through separate channels to the respective line cards 502a, 
5026, . . . 402«. 

As indicated in Table A, time slot #0 contains an overhead 
(OH) byte in the lower order position of time slot #0 and the 
higher order byte of time slot #0 is reserved for the AIT byte 
for identifying that a line card is an ADSL line card. Bits 2 
and 3 of the OH byte (OH(3:2)) identify the cell type as 
indicated in Table B. As shown in Table B, an ABCU will 
ignore the cell if OH(3:2) is 10 or 11, and will do something 
with the cell if OH(3:2) is 00 or 01. Thus, only one bit, bit 
OH(3) in time slot #0, will determine if the ABCU will take 
or ignore an incoming cell. 

The present invention provides for the OH byte to occupy 
the lower order position of time slot #0, as shown in Table 
A so that the AIT byte can be transmitted first. The AIT byte 
is transmitted first so that an ABCU will quickly recognize 
a transmitting line card to be an ADSL line card. The OH 
byte might also be assigned to the higher order position. 
However, a problem can arise with the OH byte transmitted 
before the AIT byte in certain circumstances when a nar- 
rowband line card, such as the POTS line card, causes 
generation of a logic 0 in bit OH(3) of time slot #0 as 
described below. 

Referring to FIG. 7, an SBI 306 on a backplane can have 
an upstream trace 308a and a downstream trace 310a. The 
SBI 306 uses a clock 312 operating at 4 MHZto time signals 
on the SBI traces 308a and 310a. The SBI 306, however, 
transmits data on only every other clock pulse of the 4 MHZ 
clock, producing only an effective 2 Mbit/sec data rate. For 
the in-between clock pulses, narrowband line cards are 
required to tristate their outputs. Due to stray capacitances, 
the logic state on a trace from the SBI 306 tends to remain 
the same during the in-between clock pulses as it was during 
the immediately prior clock pulse. 

With a clock operating at 2 MHZ, no problem is created 
by the SBI traces retaining a previous value after being 
tri-stated because the value on a trace at intermediate clock 
times was ignored. However, with data being transmitted at 
4 MHZ using the method of the present invention, the value 
on the trace at intermediate clock times will be captured and 
form part of a 16 -bit SBI frame value read for the time slot 
#0. 

For example, if at 2 MHZ a narrow band line card 
transmits 01010101, this can be read at 4 MHZ as 00110011 
00110011. It can be seen that bit 3 of either the low order 
byte or higher order byte can easily be read as a logic 0. With 
the OH byte being the higher order byte of time slot #0, the 
cell type indication error would result in the ABCU errone- 
ously interpreting incoming upstream data as an ATM or 
CPU (OAM) cell since the ATT byte has not yet been 
identified. 

The OH byte and AIT byte transmitted in time slot #0 
have no meaning for POTS cards. The bits transmitted in 
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time slot #0 also have no meaning for ISDN and Dl 
narrowband line cards, but the OH byte in time slot #0 does 
have meaning for a Tl narrow band line card. A value that 
gets read at 4 MHZ to have a logic 0 in bit 3 if the OH byte 
which occupies the higher order byte of lime slot #0 will 
cause an error if Tl line cards are used. 

The present invention provides a data formatting scheme 
to prevent such errors. In the formatting scheme, the present 
invention first provides placement of the OH byte in the 
lower order byte of time slot #0, as described above. The 
present invention further provides the AIT byte in the higher 
order byte of time slot #0 with a format which cannot cause 
an error with narrowband line cards being connected to an 
SBI. The signature of the AIT byte includes data alternating 
between logic 1 and logic 0 at a 4 MHZ rate, such as 
10101010, or "aa" in hexadecimal. Such a signature cannot 
be generated by narrowband cards, because such cards 
cannot change between logic value outputs at a rate greater 
than 2 MHZ. Further, with tri-stating of the output of the 
narrowband cards, the possible signal 11001100 11001100 
will not result in the ABCU erroneously interpreting the 
incoming upstream data as an ATM or CPU (OAM) cell. 

As shown in FIG. 4, the AIT byte including AIT bits 7-0 
are assigned to the higher order byte and the overhead byte 
including overhead bits 7-0 are assigned to the lower order 
byte within SBI time slot #0 of the SBI frame. Since the AIT 
byte is assigned to the high order bits of the SBI time slot #0, 
the ATT bits are transmitted from the ADSL line card to a 
control unit before the overhead bits are transmitted to help 
prevent erroneous readings from the OH byte, and the AIT 
bits and OH byte bits are not interleaved within time slot #0. 

Upon reading the AIT byte, which is transmitted before 
other bytes in the SBI frame from the ADSL line card by the 
ABCU, the ABCU recognizes that the line card from which 
the SBI frame is transmitted is an ADSL line card. If the 
ADSL line card is plugged into a conventional narrowband 
BCU, the BCU does not recognize the AIT byte, and instead 
treats the SBI frame as if it is a conventional SBI frame for 
upstream narrowband traffic, such as from a POTS line card. 
The conventional narrowband BCU would still be able to 
receive the conventional POTS DS0 channels carried within 
the SBI frame according to the present invention. The ADSL 
line card transmitting the SBI frame according to the present 
invention is thus compatible with both the ABCU and the 
conventional narrowband BCU. 

Although the present invention has been described above 
with particularity, this was merely to teach one of ordinary 
skill in the art how to make and use the invention. Many 
other modifications will fall within the scope of the 
invention, as that scope is defined by the claims provided 
below. 

What is claimed is: 

1. A method of formatting a subscriber bus interface (SBI) 
frame comprising a plurality of SBI time slots for data 
communication, the method comprising the steps of: 
assigning asynchronous transfer mode (ATM) payload 
bytes to some of the SBI time slots within the SBI 
frame; 

assigning narrowband digital signal bytes to some of the 
SBI time slots within the SBI frame, wherein the SBI 
frame is configured for transmission from a line card to 
a control unit, the line card being selected from a group 
consisting of narrowband and broadband line cards, 
and wherein the narrowband line cards are selected 
from a group consisting of DSI, Tl and plain old 
telephone service (POTS) line cards, and wherein the 
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broadband line card comprises an asymmetrical digital 
subscriber fine (ADSL) line card; and 
assigning an overhead byte to one of the SBI time slots 
within the SBI frame, wherein the overhead byte 
includes back pressure indicator (BPI) bits, each of the 
BPI bits signifying whether to enable or to disable 
downstream transmission within a respective one of the 
channels from the control unit to a respective one of the 
ports on the ADSL line card. 

2. The method of claim 1, wherein the narrowband digital 
signal bytes are transmitted at a data rate ranging from a data 
rate for DSI signals per subscriber channel to a data rate for 
plain old telephone service (POTS) signals per subscriber 
channel. 

3. The method of claim 1, wherein the control unit 
consists of the group consisting of an asymmetrical digital 
subscriber line (ADSL) bank control unit (ABCU) and a 
narrowband bank control unit (BCU). 

4. The method of claim 1, wherein the ADSL line card has 
a bit transmission rate twice that of the POTS line card. 

5. The method of claim 1, further comprising the step of 
assigning an ADSL identification tag (AIT) byte to one of 
the SBI time slots for identifying if the line card is the ADSL 
line card. 

6. The method of claim 5, further comprising the step of 
assigning an overhead byte to one of the SST time slots 
within the SBI frame, wherein the overhead byte and the AIT 
byte are assigned to the same time slot within the SBI frame. 

7. The method of claim 1, wherein the ADSL line card 
includes a plurality of ADSL ports each providing a respec- 
tive one of a plurality of channels. 

8. The method of claim 1, wherein each of the BPI bits is 
assigned a bit selected from the group consisting of "0" for 
disabling the downstream transmission within the respective 
channel and "1" for enabling the downstream transmission 
within the respective channel. 

9. The method of claim 1, wherein the overhead byte 
further includes port identifier bits. 

10. The method of claim 1, wherein the BPI bits include 
four BPI bits and the channels include four channels. 

11. The method of claim 9, wherein the ADSL line card 
comprises four ADSL ports capable of supporting the four 
channels, respectively, and the port identifier bits include 
two port identifier bits for identifying each of the four ADSL 
ports. 

12. The method of claim 1, wherein the overhead byte 
further includes cell type indicator bits. 

13. The method of claim 12, wherein the cell type 
indicator bits include two cell type indicator bits. 

14. A method of formatting a subscriber bus interface 
(SBI) frame comprising a plurality of SBI time slots for data 
communication, the method comprising the steps of: 

assigning asynchronous transfer mode (ATM) payload 
bytes to some of the SBI time slots within the SBI 
frame; 

assigning narrowband digital signal bytes to some of the 

SBI time slots within the SBI frame; 
assigning a given one of the ATM payload bytes to a first 

one of the time slots within the SBI frame; and 
bit interleaving the given ATM payload byte with one of 

the narrowband digital signal bytes in the first time slot. 

15. The method of claim 1, wherein the SBI time slots 
comprise 32 time slots are numbered consecutively from 
time slot 0 to time slot 31 in a temporal sequence, each of 
the time slots including a higher order byte and a lower order 
byte succeeding the higher order byte, wherein the overhead 
byte and the AIT byte are assigned to the time slot 0. 
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16. The method of claim 15, wherein the step of assigning 
the data bytes further comprises the step of assigning the 
ATM pay load bytes to the time slots 6-15, 17-23, and 
25-31. 

17. The method of claim 16, wherein at least one of the S 
POTS digital signal bytes is assigned to at least one of the 
time slots 1-5, the method further comprising the step of 
assigning at least one ATM header byte to at least one of the 
time slots 1-5. 

18. The method of claim 17, further comprising the step 10 
of assigning a service request (SRQ) byte and a back 
pressure indicator (BPI) byte to the time slot 16, the SRQ 
byte for indicating a SBI service request channel and the BPI 
byte for signifying to the control unit whether to enable or 

to disable downstream transmission from the control unit to 15 
the line card. 

19. The method of claim 18, further comprising the step 
of assigning a SBI data link (SBDL) byte to the time slot 24 
for indicating a SBI data link channel. 

20. The method of claim 19, further comprising the step 20 
of bit interleaving the higher order byte with the lower order 
byte within at least one of the time slots 1-5, 16 and 24. 

21. A method of formatting a subscriber bus interface 
(SBI) frame comprising a plurality of SBI time slots for data 
communication, the method comprising the steps of: 

assigning asynchronous transfer mode (ATM) pay load 
bytes to some of the SBI time slots within the SBI 
frame for transmission from an asymmetrical digital 
subscriber line (ADSL) line card to a control unit; 

assigning an overhead byte to one of the time slots within 
the SBI frame, the overhead byte including back pres- 
sure indicator (BPI) bits, cell type indicator bits, and 
port identifier bits; and 

assigning an ADSL identification tag (AIT) byte to one of 
the time slots within the SBI frame for identifying that 
the line card is an ADSL line card, wherein the ADSL 
line card includes a plurality of ADSL ports each 
providing a respective one of a plurality of channels 
and wherein each of the BPI bits signify whether to 
enable or to disable downstream transmission within a 
respective one of the channels from the control unit to 
a respective one of the ports on the ADSL line card. 

22. The method of claim 21, wherein each of the BPI bits 
is assigned a bit selected from the group consisting of "0" for 
disabling the downstream transmission within the respective 
channel and "1" for enabling the downstream transmission 
within the respective channel. 

23. The method of claim 22, wherein the BPI bits chan- 
nels include four BPI bits and the channels include four 
channels. 

24. The method of claim 23, wherein the ADSL line card 
comprises four ADSL ports capable of supporting the four 
channels, respectively, and the port identifier bits include 
two port identifier bits for identifying each of the four ADSL 
ports. 

25. The method of claim 24, wherein the two port 
identifier bits are assigned respective bits selected from the 
group consisting of "00" to identify a first one of the ADSL 
ports, "01" to identify a second one of the ADSL ports, "10" 
to identify a third one of the ADSL ports, and "11" to 
identify a fourth one of the ADSL ports. 

26. The method of claim 21, wherein the cell type 
indicator bits include two cell type indicator bits. 

27. The method of claim 21, wherein the SBI time slots 
comprise 32 time slots numbered consecutively from time 
slot 0 to time slot 31 in a temporal sequence, each of the time 
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slots including a higher order byte and a lower order byte 
succeeding the higher order byte, wherein the overhead byte 
and the AIT byte are assigned to the time slot 0. 

28. The method of claim 27, wherein the step of assigning 
the payload bytes further comprises the step of assigning the 
payload bytes to the time slots 6-15, 17-23, and 25-31. 

29. The method of claim 28, further comprising the step 
of assigning a service request (SRQ) byte and a back 
pressure indicator (BPI) byte to the time slot 16, the SRQ 
byte for indicating a SBI service request channel and the BPI 
byte for signifying to the control unit whether to enable or 
to disable downstream transmission from the control unit to 
the line card. 

30. The method of claim 29, further comprising the step 
of assigning a SBI data link (SBDL) byte to the time slot 24 
for indicating a SBI data link channel. 

31. The method of claim 30, further comprising the step 
of bit interleaving the higher order byte with the lower order 
byte within at least one of the time slots 1-5, 16 and 24. 

32. The method of claim 21, wherein the overhead byte 
and the AIT byte are assigned to the same time slot within 
the SBI frame. 

33. A line card comprising: 

a field programmable gate array (FPGA) having inputs 
configured for being coupled to receive data signals 
from subscriber lines, and outputs configured for trans- 
mitting subscriber bus interface (SBI) frames com- 
posed of SBI time slots to a control unit, the FPGA 
being programmed to generate the SBI frames by (a) 
assigning asynchronous transfer mode (ATM) payload 
bytes received from the subscriber lines to some of the 
SBI time slots within each of the SRI frames, and (b) 
assigning narrowband digital signal bytes received 
from the subscriber lines to some of the SBI time slots 
within each of the SBI frames, wherein the FPGA is 
further programmed to assign an overhead byte to one 
of the SBI time slots within each one of the SBI frames; 
and 

a plurality of ADSL ports each providing a respective one 
of a plurality of channels, wherein the overhead byte in 
each one of the SBI frames includes port identifier bits 
for identifying each of the ADSL ports and wherein the 
overhead byte includes back pressure indicator (BPI) 
bits, each of the BPI bits signifying whether to enable 
or to disable downstream transmission within one of 
the channels from the control unit to one of the ports on 
the line card. 

34. The line card of claim 33, wherein the narrowband 
digital signal bytes are transmitted at a data rate ranging 
from a data rate for DS1 signals per subscriber channel to a 
data rate for plain old telephone service (POTS) signals per 
subscriber channel. 

35. The line card of claim 33, wherein the FPGA is further 
programmed to assign an asymmetrical digital subscriber 
line (ADSL) identification tag (AIT) byte to one of the SBI 
time slots in each one of the frames for identifying if the line 
card is an ADSL line card. 

36. The line card of claim 33, wherein the FPGA is 
programmed to assign the narrowband digital signal byte to 
a first one of the time slots within each of the SBI frames, 
and to assign one of the ATM header bytes to the first time 
slot in each of the SBI frames, wherein the ATM header byte 
and the narrowband signal byte in the first time slot are bit 
interleaved. 
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